LINE-1 are endogenous mobile genetic elements that have dispersed and accumulated in the genomes of eukaryotes via germline transposition, with up to 100 000 copies in mammalian genomes. LINE-1 elements transpose by reverse transcription of their own transcript. Transposition requires synthesis of a full-length, sense-strand transcripts and proteins encoded by open reading frame (ORF) 1 and ORF2. Although severely repressed in most normal tissues, LINE-1 occasionally leads to disease by insertional mutagenesis. In the present study, Northern blot and in situ hybridization analyses revealed a template-strand transcription of LINE-1 ORF2 (encoding reverse transcriptase, RT) in lymphoid organs and the liver from MRL-+/+ and Fas-deficient MRL/lpr strains and their normal ancestors. While these sense transcripts are restricted to the nucleus in hepatocytes, they are also found in the cytoplasm in splenocytes. In contrast to transcription, ORF2 translation was detected only in MRL strains, as shown by the cytoplasmic labelling of splenic cells obtained with a monoclonal antibody recognizing the LINE-1 RT. This antibody coprecipitated two proteins of 45 and 12 kDa from MRL/lpr lymphoid organ lysates that were removed by pretreatment with anti-b2-microglobulin antiserum, suggesting a structural association between a LINE-1 product and a major histocompatibility complex class I or class I-like molecule.
Introduction
MRL/lpr mice are homozygous for the lpr mutation, characterized as an ETn retrotransposon insertion into the fas gene (Nagata and Suda, 1995) . The lpr mutation is responsible for a defect in the apoptosis of activated T lymphocytes, leading to massive lymphadenopathy with a lupus-like syndrome (Krammer, 2000) . However, lpr mutation cannot account for the entire autoimmune syndrome of MRL/lpr mice and other genes of pathologic importance in the MRL background have been mapped (Kono and Theofilopoulos, 2000) .
MRL are of the H-2 k haplotype (Bobe´et al., 1987; Delarbre et al., 1988) . However, we have observed in some aged MRL/lpr mice, in addition to the anti-H-2 k reactivity, an unexpected reactivity between lymphoid cells and monoclonal antibodies (mAb) recognizing an epitope of the Ab d MHC class II chain (Bobe´et al., 1987 (Bobe´et al., , 1993 . To define the molecular basis of this reactivity, we immunoscreened an expression library constructed from MRL/lpr lymphoid cells (Bobe´et al., 1993) . The cDNAs isolated are highly homologous to the open reading frame (ORF) 2 of the retrotransposable murine LINE-1 (long interspersed nuclear element (LINE)-1) in a region homologous to that encoding reverse transcriptase (RT) (Dhellin et al., 1997) .
LINEs are endogenous mobile genetic elements that have dispersed and accumulated in the genome, with up to 100 000 copies in mammalian genomes. The copies have dispersed by reverse transcription of a polyadenylated RNA intermediate. Because of 5' truncations, rearrangements and point mutations, most LINEs have lost the ability to retrotranspose autonomously (Furano, 2000) . Transcription analyses by Northern blotting of LINE-1 sequences in tumour cell lines generate a typical smear, which illustrates the transcription of LINE-1 sequences truncated to various lengths (Dudley, 1987) . During transposition, the copies integrate into the host genome in either orientation, thus giving rise to both sense-and antisense-strand transcripts (Furano, 2000) . Due to the existence of truncated LINE-1 sequences inserted in both orientations, many defective RNA are produced. However, in lymphoma cell lines (Dudley, 1987) , teratocarcinoma cells (Martin, 1991; Schichman et al., 1992; Skowronski and Singer, 1985) , mouse blastocysts (Packer et al., 1993) and germ and somatic cells of the testis (Branciforte and Martin, 1994) , full-length, sense-strand LINE-1 RNA have been observed. The mechanism of LINE-1 transposition is not known in detail, but the necessary intermediates must include a full-length, sense-strand transcript and proteins encoded by ORF1 and ORF2 (Furano, 2000) .
Previously, we observed by Northern blot analysis an overtranscription of LINE-1 sequences in the particular MRL/lpr mouse whose lymphoid cells were used for the construction of the expression library (Bobe´et al., 1993) . However, we used a LINE-1 DNA probe which detected transcripts from both strands. Therefore, in the present study, sense-strand ORF2 transcripts were examined in lymphoid and non-lymphoid organs from Fas-deficient MRL/lpr mice in comparison to their normal ancestors by Northern-blot analysis of poly(A) + RNA using LINE-1 strand-specific RNA probes. This methodology provides a means to identify potentially active full-length, 7-kb-long RNA. F9 cells was chosen as a positive control because full-length, sense-strand LINE-1 RNA has been observed in this embryonic carcinoma cell line (Martin, 1991) . In parallel to the analyses of the amount and size of LINE-1 transcripts, in situ hybridization and Northern blotting of nuclear and cytoplasmic RNA preparations enabled us to investigate their cellular localization in lymphoid and non-lymphoid tissues. Furthermore, LINE-1 ORF2 translation was studied by immunohistochemistry and immunoprecipitation assays using the fortuitously cross-reactive Ab d / LINE-1 mAb previously used for the immunoscreening of LINE-1 cDNA products (Bobe´et al., 1993) . The results of these studies indicate that, while LINE-1 ORF2 transcription occurs in all organs tested, regardless of age and strain, translation is more restricted, since it was detected only in lymphoid organs of both wild-type (MRL-+/+) and lpr-mutated MRL strains.
Results

LINE-1 ORF2 transcription of sense and antisense strands in MRL/lpr and ancestor strains
Using double-stranded DNA probes, we previously found high levels of LINE-1 ORF2 transcription in the spleen and lymph nodes (LN) of the MRL/lpr mouse used for the construction of the cDNA library (Bobe´et al., 1993) . However, because of the LINE-1 characteristics, which lead to the production of many defective RNA, these transcripts do not necessarily represent LINE-1 sense-strand transcripts able to be translated into proteins. In the present study, we used strand-specific riboprobes located in the LINE-1 3'-end region (Figure 1 ), which encodes proteins recognized by the antibodies used during the screening of an expression library (Bobe´et al., 1993) . The transcription of sense and antisense strands of LINE-1 ORF2 was analysed on Northern blots of poly(A) + RNA from MRL/lpr, MRL-+/+ and some ancestor strains (AKR, C3H and B6), with F9 cells as the positive control, using riboprobes complementary to the LINE-1 sense-or antisense-strand transcripts. In MRL/lpr and MRL-+/+ strains and their ancestors, heterogeneously sized (0.2 -9 kb) sense-strand transcripts were detected in spleen, with an exceptionally high level of LINE-1 transcription in the leukaemia -prone AKR strain (15 times higher than in other strains, when quantified with a PhosphoImager). In comparison to the level of sense transcripts, the level of antisense-strand RNA, although not negligible, was always very low ( Figure  1a) . As for spleen, the transcription of LINE-1 ORF2 template strand in LN was detected in MRL/lpr, MRL-+/+ strains and their ancestors (Figure 1b) . The heterogeneity observed is not due to RNA degradation during the course of purification procedure because rehybridization of the blots with low (GAPDH, 1.4 kb) and high (RNA pol II, 6.27 kb) molecular weight control probes gave discrete bands (Figure 1a,b) . We further analysed transcription in other organs (thymus, liver, intestine, brain, heart, lung and testis) of individual lpr or wild-type mice and, regardless of the strain, LINE-1 sense-strand transcripts were found in all organs and at all ages (1 -7 months) of mice studied (not shown).
In situ hybridization (ISH) with LINE-1 probes was performed under conditions that detect only RNA and not genomic DNA. Similar to Northern-blot analyses, these studies indicated fewer antisense transcripts ( (Loeb et al., 1986) of the probes Cellular localization of LINE-1 ORF2 transcripts LINE-1 sense-strand transcripts were detected by ISH in spleen, LN, thymus and liver of MRL/lpr, MRL-+/+ and LG strains ( Figure 2B and data not shown). In the MRL-+/+ and LG strains, LINE-1 sense transcripts were mainly localized in splenic germinal centres ( Figure 2B ,a,b), LN cortex, which contains germinal centres ( Figure 2B ,c,d), and thymic cortex, which contains proliferating immature T-cells ( Figure 2B ,e,f). Germinal centres in the spleen and LN are areas of intense proliferation of antigen-specific B cells. Such localization was not possible in the MRL/ lpr strain because the anatomic organization of the spleen is disrupted due to the accumulation of T lymphocytes expressing the CD4 7 CD8 7 B220 + phenotype (Jacobson et al., 1995) . Regardless of the strain, the striking feature of splenic ISH was the ringlabelling pattern encircling a weakly labelled nucleus ( Figure 2C ,a), which shows the presence of LINE-1 sense-strand transcripts in the cytoplasm. In contrast, transcripts were clearly restricted to the nucleus in hepatocytes ( Figure 2C ,b). Although ISH is considered to be one of the most sensitive techniques for the cellular detection of RNA, the cellular location of LINE-1 ORF2 sense transcripts was also determined on Northern blots of cytoplasmic and nucleic RNA extracted from lymphoid cells and hepatocytes. Northern-blot analysis allows LINE-1 transcription to be studied on a large number of individual MRL/lpr. The quality of nuclear and cytoplasmic RNA was ensured by rehybridization with the RNA pol II probe, which identified a discrete 6.27-kb band in these RNA preparations. Figure 3 reports the results obtained with three typical MRL/lpr mice out of the 40 analysed and shows the wide variation of LINE-1 transcription from one animal to another. In agreement with ISH, Northern blots analyses detected sense transcripts in the cytoplasm of lymphoid cells but not of hepatocytes. Sense transcripts were detected in the nuclei from both organs.
Immunohistochemical analysis of LINE-1 translation
In all studies ( 
Discussion
In MRL strain, it is worth noting that two different events concerning retrotransposons have been observed: the first is a retrotransposition event responsible for the lpr mutation of the MRL/lpr substrain by insertion of an ETn sequence into the fas gene (Nagata and Suda, 1995) and the other, reported here, is the unusual translation of the LINE-1 ORF2 (encoding RT) in lymphoid cells. The LINE-1 and ETn families are known to be autonomous and non-autonomous elements, respectively. While autonomous elements 
encode the enzyme necessary for their own transposition (Dhellin et al., 1997; Dombroski et al., 1991; Evans and Palmiter, 1991; Mathias et al., 1991) , non-autonomous elements are devoid of such sequences, and depend on the RT activity provided in trans by the autonomous element. The expression in various tissues of the LINE-1 ORF2 product, which exerts RT activity and therefore plays a leading role in the transposition of mobile genetic elements to new locations in the genome, may be responsible for generating pseudogenes (Maestre et al., 1995; Tchenio et al., 1993) and new short interspersed nuclear elements (SINE) (Jackson et al., 1985) . Therefore, in MRL/lpr mice, the transposition of the non-autonomous ETn element into the fas gene may have resulted from the trans-acting RT synthesized by the LINE-1 ORF2. Pathogenic insertions of both non-autonomous and autonomous elements have been characterized (Kazazian, 1998) like an Alu insertion in human neurofibromatosis (Wallace et al., 1991) or an ETn insertion in murine myotonia (Steinmeyer et al., 1991) . Similarly, LINE-1 insertion has been reported to suppress the expression of clotting factor VIII in a case of haemophilia (Kazazian et al., 1988) or of the dystrophin gene in Duchenne's muscular dystrophy (Holmes et al., 1994) , to activate c-myc in tumours (Katzir et al., 1985; Morse et al., 1988) , and to disrupt the APC gene in colorectal cancer (Miki et al., 1992) .
In the present study, we showed that LINE-1 sensestrand poly(A + ) transcripts are expressed in various organs of all mouse strains tested. Some transcripts were 57 kb in length; the 7-kb transcripts may represent full-length LINE-1 transcripts endowed with transcriptional regulatory activity with A-and F-type monomers at their 5' end (Loeb et al., 1986; Padgett et al., 1988; Severynse et al., 1992) . Indeed, using 5' monomer probes from a LINE-1 region endowed with promoter activity, we observed full-length transcripts in various organs (unpublished results). Therefore, these sense-strand transcripts theoretically have the ability to be translated into RT. On the other hand, transcripts of 47-kb may arise from passive transcription of LINE-1 sequences that are contained within unrelated transcription units. Such 'read-through' events can lead to the retrotransposition of LINE-1 elements along with flanking sequences (Holmes et al., 1994) .
Upon observing LINE-1 transcription in normal tissues, we attempted to localize the LINE-1 sense transcripts in lymphoid tissues and liver by ISH experiments, which confirmed the expression of transcripts in these tissues. In the spleen, sense transcripts were located in the germinal centres with a predominant cytoplasmic localization. Germinal centres are inducible lymphoid microenvironments comprised primarily of antigen-specific B cells, antigen-specific CD4 + T cells, follicular dendritic cells, and macrophages, and are the principal anatomic sites associated with: (1) expansion of antigen-specific B cell clones; (2) affinity maturation via somatic hypermutation and subsequent antigen-driven selection; (3) apoptosis of B cells failing this stringent selection process; (4) generation of memory B cells. In the liver, sense transcripts were clearly restricted to the nucleus. These observations are in line with previous findings according to which LINE-1 RNA are processed differently in various tissues. However, those early studies used DNA probes that detected many defective copies of LINE-1 (Weber et al., 1987) . Using strand-specific riboprobes, we observed a cytoplasmic localization in the spleen for sense but not for antisense transcripts. The presence of sense-strand cytoplasmic transcripts only in lymphoid but not in hepatic tissue suggests that translation of LINE-1 is restricted to lymphoid organs.
We used mAb 34-5-3 (Ozato et al., 1980) , previously characterized as an Ab d /LINE-1 cross-reactive mAb (Bobe´et al., 1993) , to detect LINE-1 RT expression in MRL/lpr and their ancestor strains. Because of the absence of an antibody probe, translation of LINE-1 ORF2 has not been documented to date and, consequently, the Ab d /LINE-1 cross-reactivity represents a precious tool for this study. In line with our previous observations (Bobe´et al., 1987; Delarbre et al., 1988) , our immunohistologic experiments demonstrated that, unlike transcription, translation of LINE-1 ORF2 occurred only in MRL (both wild-type and lpr) strains. Immunoprecipitation data suggest an association of LINE-1 product with MHC class I or MHC Class I-like molecules since both 45-and 12-kDa proteins, immunoprecipitated by the Ab d /LINE-1 mAb, were removed from lymphoid cell lysates by preclearing with anti-b2m serum. Such associations with MHC class I molecules have been described for insulin receptor (Chvatchko et al., 1983; Due et al., 1986) and staphylococcal enterotoxin superantigens (Beharka et al., 1995) . The MHC fold can perform other functions in addition to presentation of antigenic peptides to T cells. Homologues of MHC molecules have diverse roles that include transport of immunoglobulins by the neonatal Fc receptor, regulation of iron metabolism by the hemochromatosis gene product, and deception of the host immune system by viral homologues (Wilson and Bjorkman, 1998) .
There is increasing evidence of a relationship between autoimmune manifestations and the presence of endogenous or exogenous retroviral sequences (Herrmann et al., 1998; Nakagawa and Harrison, 1996) . Systemic autoimmune diseases are characterized by defects in immune tolerance to self-antigens, which could include products of endogenous retroviral sequences and retrotransposons. The triggering of the immune system by an infectious virus antigenically similar to an endogenous retroviral protein could elicit such an autoimmune response. This possibility was illustrated by the loss of tolerance to an endogenous viral protein in a transgenic mouse after virus infection (Zinkernagel et al., 1990) . Therefore, the templatestrand transcription of LINE-1 ORF2 encoding an RT highly similar to a viral protein (Xiong and Eickbush, 1990 ) and the possible expression of its products at the cell membrane in association with an MHC class I molecule could be one of the parameters involved in autoimmune disease induction in the MRL strain.
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Materials and methods
Mice and cell culture
Wild-type MRL/Mp-+/+ (MRL-+/+), MRL/Mp-lpr/lpr mice (MRL/lpr), AKR/J (AKR), CBA/J (CBA), C3H/Di (C3H), C57BL/6J (B6), DBA/2 and LG/J (LG) mice originally from the Jackson Laboratory (Bar Harbor, ME, USA), were maintained in our animal facilities according to institutional guidelines. F9 teratocarcinoma cells are mouse embryonic carcinoma cells maintained in an undifferentiated state.
mRNA purification
Spleen, lymph nodes (LN), thymus, liver, lung, kidney, heart, brain, intestine and testis from various mouse strains, and F9 teratocarcinoma cells, were homogenized in a denaturing solution containing 4 M guanidium thiocyanate. The solution was sonicated, the lysate was centrifuged through a discontinuous CsCl density (2.4 and 5.7 M) gradient, the RNA in the pellet was dissolved and phenol/chloroformextracted to eliminate trace amounts of ribonuclease. Poly(A) + RNA was prepared by two rounds of affinity chromatography on oligo(dT)-cellulose (Gibco BRL, Gaithersburg, MD, USA).
Probes LINE-1 strand-specific RNA probes (Figure 1 , bottom) were obtained after in vitro transcription of the 13A3a cDNA (Bobe´et al., 1993) homologous to nucleotides 5273 to 6109 of the LINE-1 L1Md-A2 clone (Loeb et al., 1986) subcloned into the Bluescribe pBS plasmid vector (Stratagene, La Jolla, CA, USA). This plasmid was then linearized and transcribed using T3 or T7 RNA polymerase (Stratagene) to obtain RNA probes complementary to the LINE-1 sense or antisense strands, respectively (arrows in Figure 1 ). RNA probes for the Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and the large subunit of murine RNA polymerase II (RNA pol II; Genbank, accession no. U37500) were also obtained by in vitro transcription of the cDNA cloned into the pBS plasmid vector. These plasmids were then linearized and transcribed using T7 RNA polymerase, giving RNA probes complementary to either GAPDH (1.4 kb) or the murine RNA polymerase (6.27 kb) transcripts. [a- 32 P]UTP (sp act 800 Ci/mmol) and [a- 35 S]dATP (sp act 1250 Ci/mmol, NEN, Du Pont de Nemours, Wilmington, DE, USA)-labelled transcripts were obtained in vitro for Northern blotting and ISH, respectively. To quantify sense and antisense transcripts, equivalent amounts of radioactivity were used for T3 and T7 riboprobes.
Northern-blot analysis
Poly(A) + RNA (5 mg) was fractionated by gel electrophoresis under denaturing conditions in a 1% Agarose -2.2 M formaldehyde gel in MOPS running buffer and blotted onto Hybond-N membranes (Amersham, Les Ulis, France). Hybridizations were carried out at 658C in formamide solution using 32 P-labelled LINE-1 RNA probes. After two washes at 658C in high-(2X SSC, 0.1% sodium dodecyl sulfate (SDS)) and low-(0.1X SSC, 0.1% SDS) concentration salt solutions, the blots were exposed at 7808C to X-ray films using intensifying screens. Hybond-N blots were then dehybridized in 0.1% SDS for 20 min at 958C and rehybridized with the GAPDH or RNA pol II RNA probe.
Rehybridization with these riboprobes ensured that the poly(A) + RNA was not degraded and provided an accurate determination of LINE-1 expression relative to that of GAPDH after quantification of the amount of the hybridized probe with a PhosphoImager System (Molecular Dynamics, Sunnyvale, CA, USA).
Preparation of nuclear and cytoplasmic RNA
Spleen or LN cells ( 5610 7 ) were resuspended in 4 ml of lysis buffer containing 10 mM Tris-HCl, pH 7.4, 10 mM NaCl, 3 mM MgCl 2 , 0.5% (v/v) NP-40 and 0.18 M saccharose. Cell lysates were examined in a hemacytometer with a phasecontrast microscope to ensure that cells were uniformly lysed and nuclei appeared free of cytoplasmic material. Then, the lysate was centrifuged for 5 min at 500 g at 48C. To the supernatant containing cytoplasmic RNA, 1 vol of denaturing solution containing 6 M guanidium thiocyanate was added. The pellet containing nuclei was resuspended in 10 ml of a denaturing solution containing 4 M guanidium thiocyanate. Proteins were digested with proteinase K (10 mg/ml) for 15 min at 378C and removed by extractions with phenol/ chloroform and chloroform. RNA were precipitated with 3 M sodium acetate, pH 5.2, and 100% ethanol, recovered by centrifugation and resuspended in diethylpyrocarbonatetreated water. Finally, to ascertain that genomic DNA did not contaminate RNA, samples were treated with RNAsefree DNAse.
Livers were weighed after removal of connective tissue, minced into cubes of approximately 0.1 cm 3 and transferred to an ice-cold Dounce homogenizer containing 10 ml of lysis buffer. The cells were broken with a pestle until nuclei appeared free of membrane components by phase -contrast microscopy. Cell lysates were then processed as described for lymphoid cells.
Antibodies
The antibodies used in the present studies were: anti-Ab d mAb 34-5-3 (Ozato et al., 1980) (Ozato et al., 1982) , rabbit serum anti-b2-microglobulin (b2m) (Natori et al., 1974) and anti-A k E k mAb 40M (Pierres et al., 1981) .
Metabolic labelling and cell-lysate preparation
Spleen and LN cells (10 8 ) were metabolically labelled for 4 h at 378C, in 2 ml of methionine-free Dulbecco's modified Eagle's medium (Gibco) supplemented with 5% dialyzed foetal calf serum with 500 mCi of [ 35 S]methionine (sp act 1000 mCi/mmol, NEN). After two washes in cold phosphatebuffered saline, the cells were lysed in 10 mM Tris-HCl, pH 7.4, buffer (2 -5610 7 cells/ml) containing 1 mM EDTA, 150 mM NaCl, 1% NP-40, 0.1% bovine serum albumin (BSA) and protease inhibitors. Lysates were ultracentrifuged for 1 h at 100 000 g prior to immunoprecipitation.
Immunoprecipitation and electrophoresis
Ultracentrifuged lysates were precleared by two incubations with unrelated antibodies bound to protein A-Sepharose (Pharmacia, Uppsala, Sweden): (1) for 3 h with mAb 40 M and (2) overnight with mouse anti-sheep red blood cell serum. Clarified lysates were then immunoprecipitated for 4 h using protein A-Sepharose precoated with saturating amounts of specific antibodies. The pellets were washed extensively with the final wash containing 0.1% NP-40 without salt.
Immunoprecipitated material was then analysed using SDS -12% polyacrylamide gel electrophoresis (SDS -PAGE) under non-reducing conditions. After fixation, the gels were fluorographed using Enlightning (NEN) and autoradiographed.
ISH and immunohistochemistry
Spleen, LN, thymus and liver samples were placed in cryomolds (Miles Inc., Diagnostics Division, Elkhart, IN, USA), embedded in O.C.T. (Miles) and immediately frozen in liquid nitrogen. Sections (5-mm thick) were fixed in 100% acetone for 10 min and kept at 7808C. LINE-1 transcripts were detected using [
35 S]RNA probes complementary to either the sense or antisense LINE-1 strand. These probes detected only RNA, and not genomic DNA, since hybridization was performed under non-DNA-denaturing conditions. Slides were exposed for 12 to 19 days, then developed and counterstained with Harris's haematoxylin as previously described (Peuchmaur et al., 1990) . In some experiments, sections were examined with a microscope equipped with epiluminescent illumination which produces a green colour at sites of ISH.
For immunohistochemistry analyses, sections were incubated with 10 mg/ml of primary antibodies: biotinylated mAb 34-5-3 or 34-1-2 and rat mAb to mouse syndecan-1 mAb (09341D, PharMingen, San Diego, CA, USA), a cell-surface molecule found on plasmocytes. The binding of mAb 34-5-3 was visualized with the horseradish peroxidase -streptavidin reagent (Vector Laboratories, Burlingame, CA, USA). The anti-syndecan-1 mAb was detected using a rabbit anti-rat immunoglobulin as the second antibody (absorbed on MRL/ lpr serum (v/v) to reduce its anti-mouse cross-reactivity) which also recognizes the complex formed by a rat monoclonal anti-alkaline phosphatase antibody and alkaline phosphatase (Rat APAAP, Dako, Glostrup, Denmark). Endogenous alkaline phosphatase activity was blocked by levamisole (Dako). All incubations were carried out at room temperature for 1 h with the primary antibody and 30 min with each of the conjugates, followed by 5-min washes in Tris-buffered saline containing 0.3% BSA. Slides were developed at room temperature by successive incubations in diaminobenzidine chromogen (6 min) (Sigma) and alkaline phosphatase substrate (15 min) (Vector Blue substrate kit, Vector Laboratories) to detect peroxidase and alkaline phosphatase, respectively. Abbreviations BSA, bovine serum albumin; b2m, b2-microglobulin; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ISH, in situ hybridization; LINE-1, long interspersed nuclear element-1; LN, lymph node; mAb, monoclonal antibody; MHC, major histocompatibility complex; ORF, open reading frame; RNA pol II, murine RNA polymerase II; RT, reverse transcriptase; SDS -PAGE, sodium dodecyl sulphate -polyacrylamide gel electrophoresis
